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MissionMission

The NTSB is charged with:

1) determining the probable cause 

of transportation accidents 

2) making recommendations to 

prevent their recurrence

The NTSB is charged with:

1) determining the probable cause 

of transportation accidents 

2) making recommendations to 

prevent their recurrence



The NTSB is Responsible for Investigating:The NTSB is Responsible for Investigating:The NTSB is Responsible for Investigating:The NTSB is Responsible for Investigating:

Aviation, highway, rail, marine, pipeline, Aviation, highway, rail, marine, pipeline, 

and hazardous material accidentsand hazardous material accidents



PG&E/San Bruno Gas Pipeline ExplosionPG&E/San Bruno Gas Pipeline Explosion



• 132,000+ accident investigations

• ~13,500 safety recommendations

• 82% acceptance rate



“Swiss Cheese” Model (Reason)“Swiss Cheese” Model (Reason)

Successive layers of Successive layers of defensesdefenses, barriers, and safeguards, barriers, and safeguards

HazardsHazards

AccidentAccident



Go! Flight 1002

• early starts, multiple segment days, sleep apnea



Honorable John K. Honorable John K. LauberLauber::

No Accident =No Accident =

Safe OperationSafe Operation



Guantanamo Bay CubaGuantanamo Bay Cuba

First NTSB aviation accident to First NTSB aviation accident to 

cite fatigue as probable causecite fatigue as probable cause

• acute sleep loss, sleep debt, circadian disruption
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Observed Performance EffectsObserved Performance Effects

•• Degraded decisionDegraded decision--makingmaking

•• Visual/cognitive fixationVisual/cognitive fixation

•• Poor communication/coordinationPoor communication/coordination

•• Slowed reaction timeSlowed reaction time



Uncontrolled InUncontrolled In--Flight Collision with Terrain Flight Collision with Terrain 

AIA Flight 808, Douglas DCAIA Flight 808, Douglas DC--88--61, N814CK61, N814CK

U.S. NAS, Guantanamo Bay, Cuba, August 18, 1993U.S. NAS, Guantanamo Bay, Cuba, August 18, 1993

“The National Transportation Safety Board “The National Transportation Safety Board 

determines that the probable causes of this determines that the probable causes of this 

accident were the impaired judgment, decision accident were the impaired judgment, decision 

making, and flying abilities of the captain and making, and flying abilities of the captain and 

flight crew due to the effects of fatigue…”flight crew due to the effects of fatigue…”



Owatonna, MN (July 31, 2008)Owatonna, MN (July 31, 2008)

8 fatalities8 fatalities



Owatonna Crew Fatigue FactorsOwatonna Crew Fatigue Factors

• acute sleep loss (Capt/FO)• acute sleep loss (Capt/FO)

• cumulative sleep debt (FO)• cumulative sleep debt (FO)

• early start time (Capt/FO)• early start time (Capt/FO)

• excessive sleep need (Capt)• excessive sleep need (Capt)

• insomnia (FO)• insomnia (FO)

• self• self--medicate/prescription sleep med (FO)medicate/prescription sleep med (FO)



Probable Cause/Contributing FactorsProbable Cause/Contributing Factors

“Contributing to the accident were . . . “Contributing to the accident were . . . 

(2) fatigue, which likely impaired both (2) fatigue, which likely impaired both 

pilots’ performance; . . .”pilots’ performance; . . .”



Lubbock, TX (January 27, 2009)Lubbock, TX (January 27, 2009)

2 injuries



Probable Cause/Contributing FactorsProbable Cause/Contributing Factors

“Contributing to the accident were . . . “Contributing to the accident were . . . 

4) fatigue due to the time of day in which the 4) fatigue due to the time of day in which the 

accident occurred and a cumulative sleep accident occurred and a cumulative sleep 

debt, which likely impaired the captain’s debt, which likely impaired the captain’s 

performance.”performance.”



Fatigue RisksFatigue Risks

awake/alert awake/alert asleepasleep

reduced performancereduced performance

variabilityvariability



Fatigue RisksFatigue Risks

• degraded 20 • degraded 20 –– 50%+:50%+:

-- reaction timereaction time -- judgmentjudgment

-- memorymemory -- attentionattention

-- communicationcommunication -- moodmood

-- situational awarenesssituational awareness

• increased:• increased:

-- irritabilityirritability -- attentional lapsesattentional lapses

-- apathyapathy -- microsleepsmicrosleeps



Fatigue and Reaction TimesFatigue and Reaction Times

Doran SM, Van Dongen HP, Dinges DF. Sustained attention performance during sleep deprivation: 

evidence of state instability. Archives of Italian Biology: Neuroscience 2001;139:253-267.



Fatigue FactorsFatigue Factors

• sleep• sleep

• circadian clock• circadian clock

• hours awake• hours awake

• sleep disorders• sleep disorders



Sleep RequirementSleep Requirement
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Cumulative Sleep Debt Cumulative Sleep Debt 

Sleep Need Sleep Need –– Actual Sleep = Sleep DebtActual Sleep = Sleep Debt

Sleep debt grows cumulatively over timeSleep debt grows cumulatively over time
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Sleep
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Sleep need

Actual sleep

Sleep debt



“Adapting” to Shift Work“Adapting” to Shift Work

• In most instances, complete circadian adaptation • In most instances, complete circadian adaptation 

to night shift work never occursto night shift work never occurs

-- early morning light prevents adaptation early morning light prevents adaptation 

-- reversion to dayreversion to day--active schedule on days offactive schedule on days off



Fatigue FactorsFatigue Factors

• sleep• sleep

• circadian clock• circadian clock

• hours awake• hours awake
-- > 12 hrs> 12 hrs

-- > 16 hrs > 16 hrs 

-- 24 hrs24 hrs

• sleep disorders• sleep disorders





Fatigue FactorsFatigue Factors

• sleep• sleep

• circadian clock• circadian clock

• hours awake• hours awake

• sleep disorders• sleep disorders

-- ~ 90 sleep disorders~ 90 sleep disorders

-- sleep apneasleep apnea



Sleep Apnea is a Safety RiskSleep Apnea is a Safety Risk

• > 6 times increased risk for car crash• > 6 times increased risk for car crash

• SA performance = .06 • SA performance = .06 -- .08 BA.08 BA



The Challenges . . .The Challenges . . .

Diverse operational requirementsDiverse operational requirements

Individual differencesIndividual differences

Complex physiologyComplex physiology

History (“that’s how its always been”)History (“that’s how its always been”)

EconomicsEconomics



The Challenges Preclude . . .The Challenges Preclude . . .

A simple solutionA simple solution

A single solutionA single solution

OneOne--sizesize--fitsfits--allall

“Magic Bullet”“Magic Bullet”





NTSB RecommendationsNTSB Recommendations

•• MOST WANTED since 1990MOST WANTED since 1990

•• ~200 fatigue recommendations~200 fatigue recommendations



Complex Issue: Complex Issue: 

Requires Multiple SolutionsRequires Multiple Solutions

Scheduling Policies and Practices

Education 

Organizational Strategies

Raising Awareness

Healthy Sleep

Vehicle and Environmental 
Strategies

Research and Evaluation



NTSB Recommendations:NTSB Recommendations:

Hours of Service / SchedulingHours of Service / Scheduling

•• ScienceScience--based hours of servicebased hours of service

•• Allow for at least 8 hours of Allow for at least 8 hours of 
uninterrupted sleepuninterrupted sleep

•• Reduce schedule irregularity Reduce schedule irregularity 
and unpredictabilityand unpredictability



NTSB Recommendations:NTSB Recommendations:

Fatigue Management SystemsFatigue Management Systems

•• Develop guidance based on empirical Develop guidance based on empirical 

and scientific evidence for operators to and scientific evidence for operators to 

establish fatigue management systems establish fatigue management systems 

•• Develop and use a methodology that will Develop and use a methodology that will 

continually assess the effectiveness of continually assess the effectiveness of 

fatigue management systems  fatigue management systems  



ExamplesExamples



NTSB Recommendations:NTSB Recommendations:

Education/StrategiesEducation/Strategies

•• Develop a fatigue education and Develop a fatigue education and 
countermeasures training programcountermeasures training program

•• Educate operators and schedulersEducate operators and schedulers

•• Include information on use of Include information on use of 
strategies: naps, caffeine, etc.strategies: naps, caffeine, etc.

•• Review and update materialsReview and update materials



NTSB Recommendations:NTSB Recommendations:

Education/StrategiesEducation/Strategies

•• Include information on use of Include information on use of 
strategies: naps, caffeine, etc.strategies: naps, caffeine, etc.

•• No recommendations on No recommendations on 
specific personal strategiesspecific personal strategies



Success requires . . .Success requires . . .

A culture change that supports A culture change that supports 

different attitudes and behaviorsdifferent attitudes and behaviors



Changing Safety CultureChanging Safety Culture

Safety goal . . .Safety goal . . .
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